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(54) Laser irradiation light detecting device 

(57) The present invention relates particularly to a 
laser irradiation light detecting device having detecting 
means for receiving a reflected light pencil of a laser 
light pencil applied from a laser inadiating device pro- 
vided with a non-linear optical medium for generating a 
second harmonic. A laser light source pumps an optical 
resonator and a pulse driving means drives the laser 
light source. An irradiating means applies a pencil of 
pulse laser light produced from a laser oscillating device 
to a target device. A detecting means detects a light 
pencil reflected from the target device. An arithmetic 
processing means executes predetermined operations, 
based on the signal detected by the detecting means. 
The detecting means detects the reflected light pencil of 
the pulse laser light pencil in synchronism with a period 
T of a driving pulse of the pulse driving means. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a laser irradiation s 
light detecting device, and particularly to a laser irradia- 
tion light detecting device having detecting means for 
receiving a reflected light pencil of a laser light pencil 
applied from a laser irradiating device provided with a 
non-linear optical medium for generating a second har- 10 
monic. 

A device intended for use outdoors upon civil engi- 
neering construction and surveying work or the like, par- 
ticularly, a device for providing the reference for a 
distance location has heretofore been in existence. A 15 
visible-light laser irradiating device has been used as 
this type of device. With technical advances in semicon- 
ductor laser emission, a semiconductor laser has been 
widely used in place of a laser using a gas such as a 
helium-neon gas or the like. In particular, a battery- 20 
operable laser irradiating device for applying red visible 
light has been used in general. Further, a device has 
come into being which modulates a laser light penal, 
irradiates a target disposed at a distant location with it 
and detects its reflected light pencil to thereby control 2s 
the irradiating direction oia laser beam. 

However, the conventional visible-light laser irradi- 
ating device, is accompanied by^ a problem that con- 
straints and limitations are imposed oh the output 
applied from the laser irradiating device from the view- 30 
point of the ability of the semiconductor laser and 
safety's sake and particularly when it is used at a bright 
location, it is hard to visually recognize red visible laser 
beam. 

With the problem on its visibility in view, an attempt 35 
has been made to use the green greater in human rela- 
tive visibility than the red. A solid green laser using a 
second harmonic has become a focus of attention. 
Although a visible-light laser irradiating device wherein 
this type of solid green laser has been incorporated into ao 
a laser oscillating device, has been developed, the solid 
green laser itself provides more power consumption and 
hence the visible-light laser irradiating device was unfit 
for battery driving. 

The device which scans and detects a reflected 45 
laser light carries out a frequency modulation and a syn- 
chronism detection so as to distinguish from noise, how- 
ever, for solid green laser direct modulation becomes 
hard at a modulation frequency, e.g., 100 KHz. There- 
fore, a serious problem arises in that the device must be so 
constructed on a large scale when the device is used in 
combination with an externally-provided modulation 
device. 

SUMMARY OF THE INVENTION 55 

According to one aspect of the present invention, 
there is provided a laser irradiation light detecting 
device comprising: 



a laser oscillating device comprising, 

an optical resonator composed of at least a 
laser crystal and an output mirror and having a 
non-linear optical medium inserted therein for 
generating a second harmonic, 
a laser light source for pumping the optical res- 
onator and 

pulse driving means for driving the laser light 
source; 

means for irradiating a target device with a pencil of 
pulse laser light produced from the laser oscillating 
device; 

means for detecting a light pencil reflected from the 
target device; and 

arithmetic processing means for executing prede- 
termined operations, based on a signal detected by 
the detecting means, 

the detecting means detecting a reflected 
light pencil of said pulse laser light pencil in syn- 
chronism with a period T of a driving pulse of the 
pulse driving means. 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with the accompanying drawings in 
which preferred embodiments of tfie present invention - 
are shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described with 
reference to the accompanying drawings wherein: 

Fig. 1 is a view showing an electrical configuration 
of a reflected light detection circuit of a laser irradi- 
ating device according to an embodiment of the 
present invention; 

Fig. 2 is a view for explaining the operation of the 
reflected light detection circuit of the laser irradiat- 
ing device shown in Fig. 1 ; 
Fig. 3 is a view for explaining a remote-control light- 
wave signal employed in the present embodiment; 
Fig. 4 is a view illustrating a modification of the 
reflected light detection circuit; 
Fig. 5 is a perspective view showing a laser irradiat- 
ing device according to a first embodiment of the 
present invention; 

Fig. 6 is a view showing a configuration of the laser 
irradiating device shown in Fig. 5; 
Fig. 7 is a view for describing a target; 
Fig. 8 is a view for describing an output produced 
from a second differential amplifier; 
Fig. 9 is a perspective view showing a laser irradiat- 
ing device according to a second embodiment of 
the present invention; 

Fig. 10 is a perspective view illustrating the laser 
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irradiating device shown in Fig. 9; 

Fig. 11 is a view showing a configuration of the 

laser irradiating device shown in Fig. 9; 

Fig. 12 is a view depicting the configuration of the 

laser irradiating device shown in Fig. 9; 

Fig. 13 is a view illustrating the configuration of the 

laser irradiating device shown in Fig. 9; 

Fig. 14 is a view showing the configuration of the 

laser irradiating device shown in Fig. 9; 

Fig. 1 5 is a view depicting a configuration of a laser 

oscillating device employed in the embodiment of 

the present invention; 

Fig. 16 is a view showing the relationship between 
an inverted population and the intensity of light at 
the time of relaxation oscillations of a semiconduc- 
tor laser; 

Fig. 17(a) is a view typically showing a gain switch 
and shows the relationship between the time and 
the intensity of excitation; 
Fig. 1 7(b) is a view typically illustrating a gain switch 
and shows the relationship between the time and 
the intensity of light; 

Fig. 1 7(c) is a view typically depicting a gain switch 
and shows the relationship between the time and 
an inverted population; 

Fig. 18 is a view showing the relationship between 
inverted populations; and the intensity of light; 
T Figr 1 9(a) is a view for describing the relationship in 
which a periafcT.dtia continuous pulse supplied to 
a semiconductor laser satisfies the condition that 
x FL <T-t ; 

Fig: 19(b) is a view for describing the relationship in 
which the period T of the continuous pulse supplied 
to the semiconductor laser satisfies the condition 
thatT FL >T-x; 

Fig. 20(a) is a view for describing the relationship 
between the current to be consumed by the semi- 
conductor laser and the output of the semiconduc- 
tor laser; 

Fig. 20(b) is a view for describing the relationship 
between the output of the semiconductor laser and 
a fundamental wave output in an optical resonator; 
Fig. 20(c) is a view for describing the relationship 
between the fundamental wave output in the optical 
resonator and the second harmonic generation 
(SHG) output at the time the a non-linear optical 
medium 400 is inserted into the optical resonator; 
Fig. 20(d) is a view for describing the relationship 
between the current to be used up by the semicon- 
ductor laser and the second harmonic generation 
(SHG) output thereof; and 
Fig. 21 is a view showing the comparison between 
continuous driving of a laser oscillating device and 
pulse driving thereof according to the present 
invention. 



DETAILED DESCRIPTION OF THE INVENTION 
[Reflected light detection circuit] 

s A reflected light detection circuit 136 will be 
described with reference to Fig. 1. The reflected light 
detection circuit 136 comprises a first amplifier 1361, a 
second amplifier 1362, a third amplifier 1363. a first tun- 
ing circuit 1364, a second tuning circuit 1365, a third 

10 tuning circuit 1366, a first differential amplifier 1367, a 
synchronism detector unit 1368, a second differential 
amplifier 1369, a level determinator 1370, an oscillator 
1400, and a waveform shaping circuit 1900. 

The first tuning circuit 1364 is identical in tuning fre- 

15 quency to the second tuning circuit 1365, whereas it is 
different in tuning frequency from the third tuning circuit 
1366. 

The first amplifier 1361 amplifies an output signal of 
a first photoelectric converter 134, which is inputted 

20 thereto through the first tuning circuit 1 364. The second 
amplifier 1362 amplifies an output signal of a second 
photoelectric converter 135, which is inputted thereto 
through the second tuning circuit 1365. 

A laser, beam reflected from a target 2000 to be 

25 described later is received by the first photoelectric con- 
verter 134 and the second photoelectric convert©* 135. 
The received individual laser, beams are amplified by 
the first amplifier 1361 and the;seoond amplifier 1362, 
followed by supply to the first differential amplifier;! 367. 

30 The first differential amplifier 1 367 is configured so as to 
obtain the difference between the signals outputted 
from the first amplifier 1361 and the second amplifier 
1362. 

The synchronism detector unit 1368 comprises a 

35 first synchronism detector 1368A and a second syn- 
chronism detector 1368B and generates positive and 
negative voltages, based on a signal outputted from the 
first differential amplifier 1367 in response to a clock 1 
generated from the oscillator 1400 and a clock 2 

40 obtained by inverting the clock 1 . 

The second differential amplifier 1 369 obtains a sig- 
nal indicative of the difference between a signal output- 
ted from the first synchronism detector 1368A of the 
synchronism detector unit 1368 and a signal outputted 

45 from the second synchronism detector 1368B thereof 
and also obtains a positive or negative voltage with 
respect to a bias signal. The level of the signal outputted 
from the second differential amplifier 1369 is deter- 
mined by the level determinator 1370. Thereafter, the 

so level-determined signal is inputted to a controller 45. 

The oscillator 1400 supplies the clock signals nec- 
essary for synchronous detection to the synchronism 
detector unit 1 368 and sends them to a laser driver 1 1 9. 
Further, the oscillator 1400 also supplies a clock signal 

55 for pulse-driving a laser light source (pumping light 
source) 100 of a laser oscillating device 1000 to be 
described later. 

The first photoelectric converter 134 and the sec- 
ond photoelectric converter 135 of the reflected light 
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detection circuit 1 36 can be used not only for the detec- 
tion of reflected light but also for the detection of a light- 
wave signal produced from a remote controller. 

The lightwave signal produced from the remote 
controller is received by the first photoelectric converter s 
134 and the second photoelectric converter 135. The 
output signals of the first and second photoelectric con- 
verters 1 34 and 1 35 are added together by the third tun- 
ing circuit 1 366. The result of addition by the third tuning 
circuit 1366 is amplified by the third amplifier 1363, after 10 
which it is inputted to the controller 45. 

Although described in an application to be 
explained later, the polarization of a reflected light is 
changed according to the position where a polarized 
laser beam emitted from a laser irradiating device is 
20000. The reflected light is selected according to the 
polarizing direction and is launched into the first photo- 
electric converter 134 and the second photoelectric 
converter 135 to thereby detect the ratio between the 
two reflected light, whereby the central position of the so 
target 2000 can be determined. States of signals pro- 
duced from the first and second photoelectric convert- 
ers 134 and 135 at the time that the quantity of light 
launched into the first photoelectric converter 134 is 
greater than the quantity of light launched into the sec- 25 
ond photoelectric converter 135, will be shown in Figs. 
2(a) and 2(b). . > ! . 

. The signals produced from the*first r and second > L 
photoelectric converters 134 and 1!35: are respectively ;xv 
amplified by the first amplifier 1361; and* the second r36 
amplifier 1362 to which they havebeen inputted through 
the first tuning circuit 1 364 and the second tuning circuit 
1365. Thereafter, the first differential amplifier 1367 
takes the difference between the amplified signals. A 
signal outputted from the first differential amplifier 1367 35 
is represented as shown in Fig. 2(c). 

The tuning frequencies of the first and second tun- 
ing circuits 1364 and 1365 are set so as to coincide with 
the repetitive or cyclic frequency of a pulse signal for 
pulse-driving the laser light source 100 of the laser 40 
oscillating device 1000. 

If the first synchronism detector 1368A detects the 
signal outputted from the first differential amplifier 1367 
in synchronism with the clock 1 generated from the 
oscillator 1400, then the first synchronism detector 45 
1368A generates a voltage positive to a bias voltage as 
shown in Fig. 2(d)- Further, if the second synchronism 
detector 1368B detects the signal outputted from the 
first differential amplifier 1367 in synchronism with the 
clock 2 generated from the oscillator 1 400, then the sec- so 
ond synchronism detector 1368B generates a voltage 
negative to the bias voltage shown in Fig. 2(e). 

If the second differential amplifier 1369 makes the 
difference (d - e) between the output signals of the first 
and second synchronism detectors 1368 A and 1368B, ss 
then the second differential amplifier 1369 can obtain a 
voltage positive to the bias voltage as shown in Fig. 2(f). 

An example in which the reflected light received by 
the second photoelectric converter 135 is high in level, 



is shown on the right side of Fig. 2. In the same process 
as described above, the output signal of the second dif- 
ferential amplifier 1369 assumes a value negative to a 
bias voltage. 

The level determinator 1370 detects whether the 
output signal of the second differential amplifier 1 369 be 
nearly zero or positive or negative, and transfers the 
result of detection to the controller 45. Incidentally, the 
output signal of the second differential amplifier 1369 
can provide noise reduction resulting from an average 
effect through the synchronous detection. 

The lightwave signal used for remote control is 
driven in the form of a pulse as shown in Fig. 3. The 
width of the pulse is set so as not to influence the first 
tuning circuit 1364 and the second tuning circuit 1365. 
Namely, the time corresponding to twice the time width 
of the pulse for the remote control is set so as not to 
coincide with the tuning frequencies of the first and sec- 
ond tuning circuits 1364 and 1365. 

Therefore, no output signals are produced from the 
first tuning circuit 1364 and the second tuning circuit 
1365. However, since the third tuning circuit 1366 is 
tuned to the frequency in which the time corresponding 
to twice the pulse width of the remote controller is set as 
a period or cycle, an attenuated oscillation waveform 
appears from the third tuning circuit 1366 when the 
lightwave signal for the remote control is inputted.. If the 
waveform shaping circuit 1900 waveform^shapes^the 
attenuated oscillation waveform inputted thereto from 
the third tuning circuit 1366 through'the third:amplifier 
1363. then the waveform shaping circuit 1900 can gen- 
erate a control signal and control the controller 45 
based on the control signal. 

A modification of the reflected light detection circuit 
136 will next be described. The present modification 
shows an example in which the reflected light detection 
circuit 136 is digitally activated. The above-described 
embodiment utilizes the tuning circuits and is configured 
so as to detect the fundamental-wave component of the 
cyclic frequency of the pulse laser beam, whereas the 
present modification integrates or adds up digitized val- 
ues in synchronism with a pulse waveform. 

A reflected light detection circuit 136A showing the 
present modification will be described in detail with ref- 
erence to Fig. 4. 

The reflected light detection circuit 136A comprises 
a first photoelectric converter 134, a second photoelec- 
tric converter 135. a first differential amplifier 1367, an 
oscillator 1400. an A/D converter 1500, an integrating 
circuit 1600 and a comparator 1700. 

The integrating circuit 1600 comprises an adder 
1610, a random-access memory (RAM) 1620, a reset 
circuit 1630 and an address counter 1640. 

In the reflected light detection circuit 136A similarly 
to the aforementioned reflected light detection circuit 
136. the first differential amplifier 1367 takes the differ- 
ence between signals outputted from the first and sec- 
ond photoelectric converters 134 and 135. The output 
signal of the first differential amplifier 1367 is synchro- 
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nized with the period or cycle of a pulse for driving a 
laser light source 100 of a laser oscillating device 1000. 
Further, the output signal thereof is converted into dig- 
ital form in a cycle shorter than its cycle by the A/D con- 
verter 1500, followed by delivery to the integrating 5 
circuit 1600. 

The adder 1610 is supplied with data stored at 
respective addresses of the randan-access memory 
(RAM) 1620 together with the data converted into digital 
form by the A/D converter 1 500 through the reset circuit 10 
1630. The random-access memory (RAM) 1620 has 
memories for dividing a cycle T into plural form (e.g., 
100) and storing them therein. 

The address counter 1640 sequentially updates 
and specifies the addresses in the random-access is 
memory (RAM) 1620 based on a reference dock gener- 
ated from the oscillator 1400. Incidentally, the values of 
the data stored in the memories specified by the individ- 
ual addresses in the random-access memory (RAM) 
1620 will be regarded as having been initialized upon 20 
starting the integration. 

The adder 1610 adds the data stored at each 
address in the random-access memory (RAM) 1620 
and the data converted into digital form by the A/D con- 
verter 1500. Further, the adder 1610 writes the added 2s 
data into a memory specified by its corresponding 
address for each address. Namely, the f adder 1610 adds 
[dataj stored in a memory specified by the: first address 
and the output data converted into idigitaKform by the 
A/D converter 1500 to thereby performrewrite process- 30 
ing on its memory so that the addresses are succes- 
sively updated and repeatedly specified. Thus, the data 
are written into the memories specified by the 100 
addresses so that the first integration is performed. 

When the 100 addresses have been specified, the 35 
address counter 1640 specifies the initial address in the 
random-access memory (RAM) 1620 again from the 
beginning. 

When a light-emitting portion is put in sync (phase) 
with a light-receiving portion, the second integrating 40 
start time coincides with the initial address. Further, the 
second and later data are successively added to the 
random-access memory (RAM) 1620 in synchronism 
with a pulse waveform of reflected light Incidentally, the 
number of times the data are added together, is control- 45 
led by an integrating counter 1800. 

When a predetermined number of integrations are 
completed, the integrating counter 1800 allows the 
comparator 1700 to transfer integrated data from the 
random-access memory (RAM) 1620 and causes the so 
reset circuit 1630 to prohibit the input of data from the 
random-access memory (RAM) 1620 to the adder 
1610. 

Thus, the data stored in the memories specified by 
the individual addresses in the random-access memory ss 
(RAM) 1620 are initialized simultaneously with the out- 
put of the integrated data to the comparator 1700 so 
that the next integration is performed. 

Under this operation, the integrating circuit 1600 



samples the signal produced from the A/D converter 
1500, which has been converted into digital form, in 
synchronism with the reference clock generated from 
the oscillator 1400 plural times at predetermined time 
intervals within one cycle T of the repetitive pulse light, 
and accumulates or integrates sampled values obtained 
every sampling turns within one cycle T over a plurality 
of cycles. It is thus possible to reduce noise owing to the 
average effect 

Principle of ("Laser-Diode Excited Laser Beam Oscillat- 
ing DeviceJ 

Fig. 15 shows a laser oscillating device 1000 
employed in the present embodiment. The laser oscillat- 
ing device 1000 comprises a laser light source 100, a 
condenser lens 200, a laser crystal 300, a non-linear 
optical medium 400, an output mirror 500 and a laser 
driver 119. 

The laser light source 100 is used to generate a 
laser beam. In the present embodiment, a semiconduc- 
tor laser is used as the laser light source 100. In the 
present embodiment, the laser light source 100 func- 
tions as a pumping light generator for generating an 
optical fundamental wave. 

The output mirror 500 is configured so as to be 
opposed to the laser crystal 300 with a first dielectric . 
reflecting film 310 formed thereon* The laser crystal^OO & 
side of the output mirror 500 is processed into a shape ; ; 
of a concave spherical mirror having a suitable diameters 
so that a second dielectric reflecting film 510 is formed 
on the output mirror 500. The second dielectric reflect- 
ing film 510 provides high reflection to an oscillation 
wavelength of the laser crystal 300 and high permeabil- 
ity to SHG (SECOND HARMONIC GENERATION). 

Thus, when a light flux or pencil produced from the 
laser light source 100 is pumped into the laser crystal 
300 through the condenser lens 200 using the first die- 
lectric reflecting film 310 of the laser crystal 300 and the 
output mirror 500 in combination, the light travels 
between the first dielectric reflecting film 310 of the laser 
crystal 300 and the output mirror 500 so that the light 
can be trapped therebetween for a long time. Therefore, 
the light can be resonated and amplified. 

In the present embodiment, the non-linear optical 
medium 400 is inserted into an optical resonator com- 
posed of the first dielectric reflecting film 310 of the 
laser crystal 300 and the output mirror 500. 

For example, KTP (KTiOP0 4 : potassium titanyl 
phosphate), BBO (p-BaE^O^ 0-type lithium borate). 
LBO (UB3O5: Lithium Triborate) or the like is used for 
the non-linear optical medium 400. The non-linear opti- 
cal medium 400 is principally converted to 1064 nm to 
532 nm. 

Further, KNb03 (potassium niobate) or the like is 
also used for the non-linear optical medium 400. In this 
case, the non-linear optical medium 400 is principally 
converted to 946 nm to 473 nm. 

In Rg. 15, co indicates an angular frequency of an 
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optica! fundamental wave, and 2© indicates the second 
harmonic generation (SHG). 

The driving of the laser oscillating device 1000 will 
next be discussed slightly. 

Fig. 16 shows the relationship between an inverted 
population and light intensity at relaxation oscillations of 
a generally-used laser light source. A delta N(t) shown 
in Fig. 16 indicates the inverted population (gain), <|>(t) 
indicates the intensity of light, and the abscissa indi- 
cates the elapse of time. 

It can be understood from Fig. 16 that when the 
inverted population reaches the maximum, the initial 
spike (i.e., first pulse) rises so as to produce the maxi- 
mum light intensity. 

Further, Figs. 17(a), 17(b) and 17(c) typically show 
gain switches, respectively, wherein Fig. 17(a) is a view 
showing the relationship between the time and the 
intensity of excitation, Fig. 17(b) is a view illustrating the 
relationship between the time and the intensity of light, 
and Fig. 17(c) is a view depicting the relationship 
between the time and the inverted population. 

It can be understood from observations of these 
drawings that the maximum intensity of light is produced 
after the elapse of a predetermined excitation time. 

Next, the relationship between the inverted popula- 
: tion and the light intensity is illustrated in Fig. 1 8 in sep- 
j-j" arated form. If driving power expressed in a continuous 
H^wave is supplied^to a-; semiconductor lasers then the ; 
i?^%; miaximum light intensity is produced in response to the 
%r firefcpulse. Thereafter, the light intensity is reduced so 
as to converge* oh a predetermined light intensity. 
Therefore, the use of the first pulse alone permits the 
mostefficient extraction of light. 

Referring further to Figs. 19(a) and 19(b), a 
description will be made of the case in which driving 
power expressed in a continuous pulse is supplied to a 
semiconductor laser. 

Fig. 1 9(a) is a view for describing the relationship in 
which a period T of the continuous train pulse supplied 
to the semiconductor laser satisfies the condition that 
x p|_ < T - x . In the present expression, x FL indicates 
the life of fluorescence, and x indicates the width of the 
pulse. 

In contrast to Fig. 19(a), Fig. 19(b) is a view for 
describing the relationship in which the period T of the 
continuous pulse supplied to the semiconductor laser 
satisfies the condition that x fl > T - x . 

It can be understood from Fig. 19(b) that a new 
inverted population is added to the remaining inverted 
population by applying the next pulse to the semicon- 
ductor laser during xpj_ (life of fluorescence), whereby 
only light having the maximum light intensity can be 
effectively produced on a continual basis. 

The relationship between the output of a semicon- 
ductor laser and the outputs thereof at the time that the 
non-linear optical medium 400 is inserted, will next be 
described with reference to Figs. 20(a) through 20(d). 

Fig. 20(a) is a view for describing the relationship 
between the current to be consumed by the semicon- 



ductor laser and the output of the semiconductor laser. 
The relationship therebetween is linear after the flow of 
an offset current. 

Fig. 20(b) is a view for describing the relationship 

5 between the output of the semiconductor laser and the 
output of an optical fundamental wave in an optical res- 
onator. The relationship therebetween is linear after the 
flow of the offset 

Fig. 20(c) is a view for describing the relationship 

io between the optical fundamental wave output in the 
optical resonator and a second harmonic generation 
(SHG) output at the time that the non-linear optical 
medium 400 is inserted into the optical resonator. It can 
be understood from Fig. 20(c) that the second harmonic 

is generation (SHG) output is proportional to the square of 
the optical fundamental wave output in the optical reso- 
nator after an offset of the optical fundamental wave 
output. 

Accordingly, the current to be used up by the semi- 
20 conductor laser is proportional to the square of the sec- 
ond harmonic generation (SHG) output as shown in Rg. 
20(d). 

Thus, if the non-linear optical medium 400 is 
inserted into the optical resonator and laser driving 

25 means 600 drives the semiconductor laser serving as 
the laser light source 100 so that the next driving pulse 
is applied within x^ (life of fluorescence), then the sem- 
iconductor laser can be oscillated with high efficiency as 

• shownjnFig.,21. v*. r 

* 30 Namely; if the semiconductor laser corresponding 
to the laser light source 1 00 is driven in terms of a pulse 
width x, a pulse peak current Ip, and a pulse period or. 
cycle T, then a laser beam having a lightwave pulse 
peak output P p S h of a lightwave pulse width x' is gener- 

35 ated. 

The average current that flows in the semiconduc- 
tor laser at this time, is l^ and the average output of the 
lightwave pulse is P^sh- 

When the laser driver 119 continuously drives the 

40 laser light source 1 00 (when a continuous output P^sh 
identical to an average pulse output P av SH is produced), 
the magnitude of l^ is required as a continuous work- 
ing current. Therefore, when the laser light source 100 
is pulse-driven so as to generate a laser beam corre- 

45 sponding to an output identical to a continuous wave, a 
current of l^ - l av can be saved. 

The laser element or the laser-diode excited laser 
beam oscillating device 1 000 has a characteristic stable 
to predetermined light emission when light-produced 

so and driven after its relaxation oscillations subsequent to 
the emission of peak light. Therefore, if the laser beam 
oscillating device is pulse-driven using the characteris- 
tic, then its light-emission driving can be performed with 
less power consumption as compared with continuous 

55 light emission when visually-recognized light intensity is 
set in a manner similar to the continuous light emission. 

Namely, if the pulse driving means is driven so that 
the period T of the driving pulse of the pulse driving 
means satisfies x pl > T - x with respect to x FL (life of 
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fluorescence) as described in the paragraph of rPrinci- 
ple of Laser-Diode Excited Laser Beam Oscillating 
DeviceJ referred to above, then the light-emission driv- 
ing can be implemented with less power consumption. 

Preferred embodiments of the present invention will s 
hereinafter be described with reference to the accompa- 
nying drawings. 

An example in which the above-described laser 
oscillating device 1000 is applied to a laser irradiating 
device, will next be described. 10 

[First embodiment] 

Fig. 5 is a perspective view showing a laser irradiat- 
ing device 1 0000 and a target 2000. is 

An optical configuration and an electrical configura- 
tion of the laser irradiating device 10000 will be 
described. 

As shown in Fig. 6, the laser irradiating device 
10000 comprises a light-emitting unit 115. a rotatable 20 
unit 116, a reflected light detecting unit 117, a control 
unit (CPU) 118, a laser driving unit 1 19, a motor drive 
unit 120 and a display 121. 

The control unit (CPU) 1 18 corresponds to an arith- 
metic processing means. 25 
. The light-emitting unit 1 1 5 will now be explained. 
* A collimator lens 126, a first A/4 double refractive 
. member 427 and a perforated mirror 128 are succes- 
# sivety disposed on an optical axis of the laser. oscillating 
c device 1000 for emitting- a -linearly polarized pencil or 30 
flux of irradiation light from the laser oscillating device 
1000 side.iThe linearly polarized flux of irradiation light 
emitted from the laser oscillating device 1000 is made 
parallel light by the collimator lens 126, after which it is 
converted into circularly polarized light by the first A/4 35 
double refractive member 127. A circularly polarized 
flux of irradiation light passes through the perforated 
mirror 128 so as to be emitted to the rotatable unit 116. 

The rotatable unit 116 deflects the optical axis of 
the polarized flux of irradiation light incident from the 40 
light-emitting unit 1 1 5 by 90 degrees and thereafter per- 
forms emission scanning. A pentaprism 114 for deflect- 
ing the optical axis of the polarized flux of irradiation 
light incident from the light-emitting unit 15 by 90 
degrees is provided on a rotatable support 13 rotated as 
about the optical axis of the polarized flux of irradiation 
light. A state of rotation of the rotatable support 13 is 
detected by an encoder 129 and the signal detected by 
the encoder 129 is inputted to the control unit 118. 

A polarized flux of light reflected from the target so 
2000 falls on the rotatable unit 1 1 6. The polarized flux of 
reflected light incident on the pentaprism 114 is 
deflected toward the perforated mirror 128, which 
launches the polarized flux of reflected light into the 
reflected light detecting unit 117. ss 

A combination reflective member 2150 formed on 
the target 2000 will next be described with reference to 
Fig. 7. 

The combination reflective member 2150 is con- 



structed by stacking a retroref lective member 21 1 0 on a 
substrate 2130 and bonding a A/4 double refractive 
member 2120 to the left half thereof shown in the draw- 
ing. The combination reflective member 2150 com- 
prises a reflective portion A at which the retroref lective 
member 2110 is rendered bare and which stores the 
polarizing direction of an incident light flux or pencil and 
reflects it. and a polarizing-direction conversion reflec- 
tive portion C at which the retroref lective member 21 10 
is covered with the A/4 double refractive member 2120 
and which is used to effect polarizing-direction conver- 
sion on the incident light pencil and reflect it 

When the laser beam scans the combination reflec- 
tive member 2150 of the target 2000 to select light 
reflected therefrom and the first photoelectric converter 
1 34 and the second photoelectric converter 1 35 receive 
the reflected light therein, the output of the second dif- 
ferential amplifier 1369 is represented as shown in Rg. 
8. Further, a predetermined positional relationship 
between the reflective portion A and the polarizing- 
direction conversion reflective portion C can be easily 
detected by detecting an inverted signal. 

The reflected light detecting unit 117 will next be 
described. 

A condenser lens 130, a second A/4 double refrac- 
tive member 131 , a pinhole 132, a polarizing beam split- 
ter 133 and the first photoelectric converter 134 are 
successively disposed on a reflecting optica;! axis of the 1 
perforated; mirror : 1 28 from the perforated mirror 128 
side. Further, the second photoelectric converter 135 is 
disposed on a reflecting optical 'axis of the polarizing 
beam splitter 133. Outputs produced from the first pho- 
toelectric converter' 134 and the second photoelectric 
converter 135 are inputted to a reflected light detecting 
circuit 136. 

The polarized flux of light reflected by the target 
2000 is deflected by 90 degrees by the pentaprism 114, 
followed by falling on the perforated mirror 128. The per- 
forated mirror 128 reflects the reflected flux of light on 
the condenser lens 130. The condenser lens 130 allows 
the reflected flux of light to enter the second A/4 double 
refractive member 131 as focused light The polarized 
flux of reflected light returned as the circularly polarized 
light is converted into linearly polarized light by the sec- 
ond A/4 double refractive member 131, followed by fall- 
ing on the pinhole 132. Since the corresponding 
polarized flux of reflected light is A/2 out of phase with 
the polarized flux of light reflected by the reflected por- 
tion A as described above, the two polarized fluxes of 
reflected light each converted into the linearly polarized 
light by the second A/4 double refractive member 131 
are different in plane of polarization by 90 degrees from 
each other. 

The pinhole 132 has the function of avoiding the 
launching of an unwanted flux of reflected light whose 
optical axis is shifted from the polarized flux of irradia- 
tion light emitted from the main body, i.e., a light flux 
reflected from an unnecessary reflector other than the 
target 2000 into the first photoelectric converter 1 34 and 
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the second photoelectric converter 135. The polarized 
flux of reflected light transmitted through the pinhole 
132 enters the polarizing beam splitter 133. 

The polarizing beam splitter 133 has the function of 
dividing the light pencil into intersecting polarized com- s 
ponents. The polarizing beam splitter 133 transmits 
therethrough a polarized flux of reflected light (which is 
different in polarizing direction by 180 degrees from the 
polarized flux of irradiation light emitted from the laser 
oscillating device 1000) similar to the polarized flux of 10 
irradiation light emitted therefrom and reflects a polar- 
ized flux of reflected light different in polarizing direction 
by 90 degrees from the polarized flux of reflected light 
emitted from the laser oscillating device 1000. Further, 
the first photoelectric converter 134 and the second is 
photoelectric converter 135 receive the divided polar- 
ized fluxes of reflected light therein respectively. 

The states of light reception by the first and second 
photoelectric converters 134 and 135 will be described. 
Namely, when the polarized flux of light reflected by the 20 
polarizing-direction conversion reflective portion of the 
target 2000 falls on the reflected light detecting unit 1 1 7, 
the quantity of light launched into the first photoelectric 
converter 1 34 becomes greater than the quantity of light 
launched into the second photoelectric converter 135 25 
from the relationship between the second A/4 double 
refractive member 131 and the polarizing. beam splitter . 
133. On the other, hand, when the polarized flux;of light- 
reflected by tbe*eflector or the undesjred reflector of the. 
target 2000 falls on the reflected light detecting unit 1 17, 30 
the quantity of light launched into the second photoelec- 
tric converter 135 becomes greater than the quantity of 
light launched into the first photoelectric converter 1 34. 

Accordingly, the reflected light detecting circuit 136 
can identify, based on the difference between the sig- 35 
nals produced from the first and second photoelectric 
converters 134 and 135, whether the incident polarized 
flux of reflected light has been reflected from the reflec- 
tive portion A of the target 2000 or from the polarizing- 
direction conversion reflective portion C. 40 

Thus, the control unit 118 applies a laser beam in 
the target direction so as to perform control such as 
scanning or the like. 

[Second embodiment] 45 

A laser irradiating device 20000 according to a sec- 
ond embodiment will next be described. 

Figs. 9 and 10 show the laser irradiating device 
20000. Its body is shaped in the form of a cylinder and so 
supported by four support legs. A laser oscillation sys- 
tem 1 100 is mounted inside the cylindrical body of the 
laser irradiating device 20000 so as to be swingable in 
the two vertical and horizontal directions. The laser 
oscillation system 1100 is configured so that a laser ss 
beam emitted from the laser oscillating device 1000 can 
be applied in the horizontal and vertical directions. 

A light projection window 103 covered with glass is 
defined in the entire surface of the body. The laser beam 



emitted from the laser oscillation system 1 1 00 is applied 
through the light projection window 1 03. 

A control panel 1 25 is provided on the opposite side 
of the light projection window 103 of the laser irradiating 
device 20000. 

A light-receptive window 104 is defined in a portion 
above the light projection window 103. The light-recep- 
tive window 104 is configured so as to receive there- 
through the laser beam reflected from a target 2000 and 
control signal light for remote control. 

As shown in Figs. 11 and 12, the laser oscillation 
system 1 1 00 in the laser irradiating device 20000 is pro- 
vided so as to be rotatable in the vertical and horizontal 
directions through an inclinable swing frame 13 pro- 
vided within the body. 

The laser oscillation system 1100 includes an 
encoder 43 for detecting the inclination of the laser 
oscillation system 1 100 and a tilt sensor 16 for indicat- 
ing a horizontal state thereof. 

Further, the laser oscillating device 1000 is fixed to 
the body of the laser irradiating device 20000 and is 
constructed in such a manner that the laser beam emit- 
ted from the laser oscillating device 1000 is introduced 
into the laser oscillation system 1100 through a fiber 
and is applied from the laser oscillation system 1 100. 

The principal oscillation unit of the laser oscillating 
device is fixed to the body so as to allow heat radiation. 

As shown in Rg^,13 corresponding tosa control 
block diagram, a horizontal level controller 46 drives and 
controls a motor 26 of ^horizontal angle control mech- 
anism 17, for adjusting: a horizontal angle. A vertical 
angle controller 47 drives and controls a motor 32 of a 
vertical angle control mechanism 18, for adjusting a ver- 
tical angle. A gradient controller 48 controls and drives 
a motor 38 of a tilt sensor tilting mechanism 19 for set- 
ting a gradient, in response to the output of the encoder 
43 and a signal from a controller 45 based on the tilt 
sensor 16 in accordance with a setting unit 49. 

Further, the horizontal level controller 46 and the 
vertical angle controller 47 drive the motor 26 and the 
motor 32 in response to the signal outputted from the 
controller 45 under the action of a reflected light detect- 
ing circuit 1 36 to thereby adjust the position of the target 
2000. 

As shown in Fig. 1 4, a linearly polarized laser beam 
produced from the laser oscillation system 1 1 00 is set to 
a parallel laser beam 58 by a collimator lens 57 so as to 
be applied to the target 2000 by the laser irradiating 
device 20000. 

Light 58' reflected from the target 2000 enters the 
laser irradiating device 20000 and is selectively divided 
by a polarizing mirror 132 through a focusing lens 104, 
after which they are focused onto a first photoelectric 
converter 134 and a second photoelectric converter 
135. 

The reflected light 58* is reflected onto the first pho- 
toelectric converter 134 or transmitted toward the sec- 
ond photoelectric converter 135 by the polarizing mirror 
132 according to the polarizing direction of the linearly 
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polarized light. 

The first photoelectric converter 134 and the sec- 
ond photoelectric converter 135 correspond to parts 
that constitute the reflected light detecting circuit 136. 
Light-intercepted signals detected by the reflected light s 
detecting circuit 136 are sent to the controller 45. 

In accordance with the states of light reception by 
the first photoelectric converter 134 and the second 
photoelectric converter 135, the controller 45 causes 
the horizontal level controller 46 to drive and control the 10 
motor 26 in response to the signal detected by the 
reflected light detecting circuit 136 and causes the ver- 
tical angle controller 47 to control and drive the motor 32 
in response to the signal, thereby determining the direc- 
tion to apply the laser beam 58 emitted from the laser is 
oscillating device 1000 to the target 2000. 

According to the present invention constructed as 
described above, an optical resonator is composed of at 
least a laser crystal and an output mirror. A laser light 
source pumps the optical resonator and a pulse driving 20 
means drives the laser fight source. An irradiating 
means applies a pencil of pulse laser light produced 
from a laser oscillating device to a target device. A 
detecting means detects a light pencil reflected from the 
target device. An arithmetic processing means executes 25 
predetermined operations, based on the signal detected 
by the detecting, means. Since ; the detecting means 
detects the;reflected light pencil^of the pulse laser light 
pencil m synchronism with a period, T of a driving pulse 
of the pulse 'driving means, pulse* driving for providing 30 
less power consumption can be utilized in place of a 
modulating signal as compared with continuous light 
emission and the reflected light can be detected simul- 
taneously with power reduction. Thus, an advantageous 
effect can be brought about in that the need for the pro- 35 
vision of a modulating device outside is eliminated so 
that the device according to the present invention can 
be simplified in terms of a mechanism. 

Further, the present invention can bring about an 
advantageous effect in that externally-incoming noise 40 
light can be eliminated and signal light can be detected 
stably. 

Moreover, the present invention can bright about an 
advantageous effect in that since the period T of the 
driving pulse of the pulse driving means can satisfy 45 
x a > T - x with respect to i FU (life of fluorescence), the 
optical resonator can be pumped in accordance with a 
laser beam having light intensity maximized due to a 
first pulse, so that the laser beam can be generated with 
high efficiency. so 

While the present invention has been described 
with reference to the illustrative embodiments, this 
description is not intended to be construed in a limiting 
sense. Various modifications of the illustrative embodi- 
ments, as well as other embodiments of the invention, ss 
will be apparent to those skilled in the art on reference 
to this description. It is therefore contemplated that the 
appended claims will cover any such modifications or 
embodiments as fall within the true scope of the inven- 



tion. 
Claims 

1 . A laser irradiation light detecting device comprising: 

a laser oscillating device comprising, 

an optical resonator composed of at least a 
laser crystal and an output mirror, 
a laser light source for pumping said opti- 
cal resonator and 

pulse driving means for driving said laser 
light source; 

means for irradiating a target device with a pen- 
cil of pulse laser light produced from said laser 
oscillating device; 

means for detecting a light pencil reflected from 
said target device; and 

arithmetic processing means for executing pre- 
determined operations, based on a signal 
detected by said detecting means, 

said detecting means detecting a 
reflected light pencil of said pulse laser light 
pencil in synchronism with a period T of a driv- 
ing pulse of said pulse driving means. 
■ . ••• " > '■ * ¥ "fi*fi£'* >*'.-' •' ^Wk*. to* 

2. A laser irradiation lightttetecting device according 
to claim 1 , wherein the^period T of thfe drMng pulse 
of said pulse driving means satisfies x F l > T - t 
with respect to x FL (life of fluorescence). 

3. A laser irradiation light detecting device according 
to claims 1 to 2, wherein said optical resonator has 
a non-linear optical medium inserted therein for 
generating a second harmonic. 

4. A laser irradiation light detecting device according 
to claims 1 to 3, wherein said detecting means 
includes means for detecting a fundamental com- 
ponent of a driving pulse frequency of said pulse 
driving means. 

5. A laser irradiation light detecting device according 
to claim 1 , wherein said detecting means detects a 
reflected light pencil of said pulse laser light pencil 
in synchronism with a period T of a driving means, 
samples plural times at predetermined time inter- 
vals within one cycle T and accumulates sampled 
values obtained every sampling turns within said 
one cycle T over a plurality of cycles of pulse light 
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